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ABSTRACT . ’ . : ,
. The purpose of this paper js to describe the -
development of children's measurement concepts and to outline
implications of recent research-on transitivity and counting.- .,
Discussion is confined to measurement of length and focuses on ot
aspects of measurement outl1ned in the last two of Piaget's thrée
measurement stages. It is arguéd that meqsurement involves
interdependent application and knowledge processes (application
processes 1nclude counting and division into units; knowledge about
measurement involves understanding of transitivity and measurement
units). Research described indicates (1) that young children apply
the counting estimator in a measurement context with no regard for
unit size and (2) that it is presently not known how the child’
switches in a measurement context from using the counting estimator
to using the measurement estimator. At least three developmental
sequehces are proposed to account for this change; all assume that
the child ‘has attained the ab1l1ty to conserve length. The first
sequence suggests that motivation to change is based on cognitive
conflict between the length estimator and the counting e'stimator. The
second and third sequences suggest that motivation to change is based
on knowledge about, respect1ve1y, the ‘transitivity principle and
d1recq 1nstruct1on. Suggestiqns are offered for £urther research.
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Mejéu}ement'is-a quantification skill whiéh has béen
Iargely»unexplo;ed by those intérested if éogniﬁibe
development. However, by studyiﬁg Fhe application of f
coﬂnting and transizivity‘skills in a'measurement context /

we can_identify some of the boundaries of children's
{

understanding of these skills and some of the relationship¥ .

»

between them. .,

r

The'purpose of this paper is to descripé pbe'

development of measurement concepts and to outline the

implications of redent research on-transitivity and
counting for our thinking about these abilit}es. The '
disgussion.wiil be cbn@ined to measurement of length“s ncé
it is one of the first t;pés of measurement to be acquired
(Beilin & Franklin, 1962). ‘ /

One major develop&ehtal tr%nd identified in.éhé
Piagetian work oh measurement (Piaget, Inhelder, &;‘
Szeminska,'1960)'is that mofe.global rel§5}Ve assgSsmentS/”

‘precede quantitativeLy'precise assessments. This trend is

'apparent in the obligatéry three stages of measurement .

-abilities outlined by Piaget. 'In the Piagetian tasks

¢

children were asked to measure the lengths of t@o objects.
! »

In stage 1 ¢omparisons made between two objecqb were
. T

visual. In sﬁage 2 children started to use ﬁn unmarked

ruler to measure. However, theé did not undérstand that

i
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objects used to measure two lengths must be a uniform size.
Thus, when the ruler - was shorter than the ‘two lengths to

be measured they often made errors. When children measure

they have to move the smaller ruler several times across

the longer length.., For the measurement to’be accurate the
placement og the ruler must occupy the same amount of .

length each time. The common error is that the placements -
of the ruler do not occupy the same amount of lenéth. In

stage 3 children can apply the ruler consistently to make

accurate measurements.: I will be focusing on those aspects

of measurement that are outlined in the last two stages.

The function of measurement is to assign numerosities
to the properities of objects (Campbell, 1920). Procedures
. used to determine numerosity are called estimators (Gelman
1972) and common examples of estimators are counting and
subitizing. Gelman and Gallistel (1978) have proposed
five principles to describe the counting estimator. Three -
of the principles, labelled the‘how—to;oount principles,
deal with the application of counting skills. The two °

remaining principles, the abstraction and order-irrelevance -

primciples, deal with knowledge about the propert1es‘bf

numbers. I propose that this same division can apply to
measurement which can also be divided into the processes of
application and knonledge. The application orocesses - .
include counting and division into units, Knowledge about

measurement involves an understanding of transitivity and

of measurement units.
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/" The discussion is based on the assumption that-the

knowledge processes ard the applfcation processes are

.intefdependent. One feature underlying all of them is the
_,—neégésity of understanding that units used to measre must ‘
be a uniform'size. First the knowledge processes and then

the application ptoccess will be discussed.

Wt
o

I pfgpose tha?-having an'uqﬁErstanding of measurement
units involves knowing that measurement units are
individuaI elements which are members of the ;ehe class,and”
which are equal on some physical ﬁdlmen51on. With this

understanding children can divide contlnuous quantities -

into equal sized units and gan equalize units of unequal

sizes. The measureLent literafufe supports the concluei n
that first graders and younger children lack this
understending and rely on number information rather thdn
coordinating number information with size informatio
(Carpenter, 1975; Inhelder, Sincldir, & Bovet, 1972) _ Partf'.
of their difficulty may derive from a lack of unger tanding

about transitivity. - (

[

The understanding of trarnsitivity involvedé;n the

measurement process consists of combining two r latienships
. /' . ’
to make inferences about a third (e.g. A > B, B > C,

thefefore A > C), and unéeretanding that the judgements

must have the same common term or reference p01nt for
« s el e e ey

example Bin A > B > C. Some of the work on transitivity

done by Trabasso (Bryant & Trabasso 1971;'Trabesso

' x of




1975,1977) hﬁs examined yhether children»caﬁ combine two

a P ~ ‘ . by
relationships to make inferencés and suggests that young
3 . ?

children can make transitive inferences.*® Therefore, young

be able to measure aécurately. However, recent work .on
transitivity .suggests that the task used by TrabasSo may be
solved by a’ varlety of nonlnferentlal processes (Breslow

1981 Kalllo 1982; Blevins 1981) and that 'it is upcertain

4 -

iﬁéther preschpol children have the‘abllty to make
'}nfgfences. Studies examining the understandiné that a
common referehce point: is essential for an inference have
sthn that children-will make the iﬁfqrendés in the absence

-of . thi's term (de Boyséon-Baraies-& O'Regan 1973{ Blevins

-

1981). For example, if given the relationships of.A > B

and C > D they will infer A > D. It is not suprising then

tha cﬁild;ed make comparisons betwen two tengths that’ are

[

P 4 . FEPE
based on measuring each length with a different size unit

since they seem to be willing to make .judgements based Qg

1)

categoriéal information about whether somethiny is big or

"smal rather than relative information about whether

) -

something is bigger. or smaller than another objéct.‘

Understanding'thaE a common linkiné term is essential for

the inference should be related to kﬁoﬁing‘that measurement

L4

unlts have to be an equal size because jt .means that
a

chlldren know that each measurement has to relte to every

"other measurement.
.other meas 1t

*
~

Once a child possesses the transiﬁivity principle the

s '
.

.
- .
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chil@ren should have the pecessary transtive abilities to .




ease pof applying’ft may depend-on the measurer's

fam&llarlty with the measurlng unlts'ﬁnvoIved. For

1

1

ess, of countln? to

involves the assumpt/ion thégrit is possiple to use numbers

en become increasin'ly precise when .asked —_
erosity (Gooper,
978). They,érogress'

from Knowing which of two arrays has more to knowing - .

. > . :
exactly how many more one array/has than another. Part of "

- -

this change is a result Pﬁ the¢ child's understanding of how

’ - N [

and when to apply estimation/skills. “The same type of

understanding -can occur in/measurement when children use

¢

numbers to quantify length. There is evidence suggesting ' *

‘that in measurement sit atlons young chlldren readlly use '
numbers to quantlfy 1 ngth (Carpenter 1975, Inhelder, , o
S{nclain, & Boyet 13/4). However, they focus -ohnly on the O

-number of units present and not on both. the size and number ' » -« .

of the units. Théy do not seem to understand that there is '

. . ’ . .
x N . L. N

.
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The difference between using number as an'estimator
. t ahd measurement as anestimator then is that numbers are

£

- used taq answér two different questions about quantity, how

> L4 \
answering.the 'how many question. This qgestion can be

. - 4 )
answered by assigning-one number name to one object.
) -

, Gélman and Gallistel refer to this as the one-one

principle. 1In the measu}emént situation children a;e
qﬁswering the how Fﬁch question. ‘According to Fuson -and
Héll (1983) using counéing skills /in a measurement context
involves attéchiﬁg information about the -type of’ unit’ r

counted to‘'the count word, for example 7 in. vs 9 ft.
. £

/ 3 ' : - -
There 1s only one number name'per unit, and assigning
information abclt the appropriate type of unfé involves °

® ’ N . « .

. making a decision about the most appropriate level of

“ s

measurement (in. v€*ft.) &bd about the ratio of objects 'to

measurement unit (i2 in. corresponds tq 1 fta).

) e . !
The ,second application process involved in measurement

is division of a length into units. Part of the measuring
- .

7

prbcess for length often ipvolves moving a smaller length
along a lqnger'lengfh and counting the number of smaller
) /

lengths composing the longer length. If the measurer is

careful there will be no gaps between Sequential placements

/ of the smaller object, and the measurement will be

‘

b

children often leave gaps between placements. Fuson and

Hall report that children often use their finqers to mark
. . » ‘-
\)4 ] »t .,

.
. . . i PN
. ‘ - ‘ ' 8 ’
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| Y » ‘.’ , [l
many or how much. \n the counting situation children are -
7

: Y
accurate. Piaget and his colleagued have found that ’ *
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the placements and fail to include the part of the length .
that their finger is covefing in thgi; measurement. Being
able to accurately measure involves having the necessary
motor coordination to move khe §mall}r length preciselyzas

* & *

well as an understanding of measurement units. 'Errors can .,

be’a result of a lack of motgk coordination or. a lack of

'
' l . Ld . 4
14

understanding of measurment units.

P 4

The previous discussion indicates that a major

difference between ﬁbe measurement estimator and the

.counting estimator is that the units must be a uniform

.

size for medsurement. Previous work on\peasurement
t

indicates that young children apply the counting estimator -

in a measurement context with no regard for unit size.

-

/ . . ;
How then doés‘the child .go from using the counting

gstimator in. a measurement context to using the measurement

v

estimator? ' There are at least three developmentai T

sequences that could account for this change, all of which

-

presumg that the child has conservation of length. The
first sequence i; based on cognitive.conflict between the
length gstimator and the counting estimator providing the )
motivation for change, fof example, some judgements about,/
overall length can be made that are accurate in terms of
wheﬁher‘one length is >, <; or = to another.” If these
judgemehts disagree-with those obtained from couhting,

this conflict could focus the child on unit size_as a way

to coérdinate the dimensions of length and number. 1In this

/
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_case incorrect application.of the counting process would *
lead to an undéisténding of tran;itiviﬁy and measurggement
, . : <
‘unit which would then lead to correct apéiication of the
)

counting process. : ' . :
[y ) ¢ . -

The second séquence is b;sed on knowledge about'the
traqsitivity pr}nciple provid;ng tﬁe motivation for éhénge..
When children understand that a common linking term is
necessary to make, an inference, they have the cognitive
rule necessary £or discovering that units used to measure
must be a uniform size. Piaget (Piaget et al. 1960)
idenpifed,two types of transitivity,,qualitative and
quantitative, which are relevant for‘understanding the
relationship between‘trénsitivity and measurement.
Qualitative transivity involves encoding relationships
.relatively, that is A > B> C. Quantitative transitivity

-

invoives encoding relationships in terms of units, that is

'A = 6in.; é > A by 2 in., énd C > B by 4 in.. Piaget has I . ..
found that qualitative transitivity precedes quantitative.

Therefore, childrei " may understand the netessity of a’ 3

common linking term f;r qualitative transitivity and thi%/z '

fuse this rule as the basis for making the same discéyéry ' . *
abbﬁt quantitative transitivity.® The realization that L . Cy
there should-be a common linking'term‘cou#d focus the child

I
on unit size. In this case transitivity triggers changes

in the application process and in the knpwledge about

measurement units. I . -
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The third developméntal sequence is based on direct
instnnction'providing the motivation forvchange.‘ Children‘
are taught how to measureiin school. ft is pos;ibleﬁthat

they memorine the rules for how to measure ané come to
understand them after obtaining feednack from correct and
incorrect applications of the.rule. In this case -

application processes trigger changes in thé knowledge
processes. e

e ¢

These possible developmental sequences and the
preceding observations about measfirement lead to the

follow1ng suggestlons for those pursuing research on

\ )
measurement; First, it is 1mportant to make a dlstlnctlon ‘

s ’

. between measurement tasks asse§51ng an understandlng of

X

unit size and those which do not. The importance of thlS

4

distinction can;ye demonstrated by examining th;—;}aﬁmg
_Bearispn; ..

made. about a conservation training study dqne'b

(1969) which involved tralning chlldren on meaSurement,

Ry
’

then assessing the impact of thlB experlence on the'

. LK
acquisitionrof conserva%ién. "The training used was with
N . , ' / * ;
units.of equal sizes and.did not require -the child to -

determine how to divide the quantity into appropriately

. . 'S x .
sized units. Bearison concluded that'konservation' results

L\

measurement. _.The prohlem with this argument’ is that ah

understanding of conservation is a

rerequisite for being” .g.
‘ 4 .




Caﬁ"be measured. Preconserving chlldren belleve that

e .

mov1ng an object ®@an bhange its length, so the entlre

)

measurement process wouId be”Based on nnL;s ‘which are

v 4 H Vo

constantly changlng ‘in -size. Tralnlng in an experlmental

situation mlght lead to conservatlon because the

L

experimenter d1v1des the quantlty i%fo units; but in real .

. N .

life the child is faced.with this Eqsk.

¢ - . Y .
The second .suggestion iS’that studying the measurement

.

'estlmator can glve us 1nformatlon "abolt an’ children‘
define wha-t to count. . Gelman 2and /Galllstel argue’ that

youné ch;ldreelﬁil} count heterogeneoes groups of objects,
and suggest that'oee issue to be pursued is ehe degree of
hetexo&%niety the child will tolerate in counting. The
‘issue of how the child-divides the quantity to be counted

is equelly interesting because it provides us\with ' . v
addltlonal 1nfo£ﬁatlon about what children, believe the
purpose of countlng to be. Possibflities about their
beliefs'renge from.the belief that ‘the pfupose‘is to
Fpro&ide—a'number to the belief that it“is to provide\‘ i

precise information about a spegific quantity.
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